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[57] ABSTRACT 

A surgical instrument for removing a cataract from a 
patient's eye including a hollow vibrating needle sur- 
rounded by two hollow infusion sleeves. The outer 
sleeve conforms to the incision in the eye and the inner 
sleeve prevents the outer sleeve from collapsing onto 
the hollow, vibrating needle. 

5 Claims, 5 Drawing Sheets 
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1 2 

have been constructed from rigid, non-compressible 

FLUID INFUSION SLEEVE materials. Generally these materials have consisted of 

CROSS RFFFRFwrF To RPi Ajpn T^? 0 or m etalliobased compositions. These rigid, 

CROSS R^MNOE TO RELATED mftlfik>11 peeves have been relativelv successful in snlv. 

Artu,iCA i lum 5 ing ^ problems of constriction of the path for fluid 

This application is a continuation-in-part of my ear- flow between the distal end of the infusion sleeve and 
lier copending application Ser. No. 07/998442 filed 30 the vibrating tip as well as the heat generation and ther- 
Dec. 1992 entitled IMPROVED FLUID INFUSION mal burns associated with malleable infusion sleeves- 
SLEEVE now U.S. Pat No. 5,236,256. however, other problems persist with these non-com- 

BACKGROUND OF THE INVENTION pressible infusion sleeves. 

«... ^ . „ „ A ■ . While rigid sleeves are capable of being inserted 

This invention relates generally to a surgical instru- through smaller incisions, which has theldvantage of 
ment for use in eye surgery and, more particularly, reducing leakage, there is still significant leakagaThe 
relates to a surgical instrument for cataract eye surgery. t,«™^™«c- * i i " 

A wide array of fluid-irrigated, ultrasonS- 15 of the persisten leakage between the 

operated cutting devices haveS devdo™r^pL l^f7£ *f ^ ^V 8 ** cross 

thalmological surgical techniques such as^hacoemul- section of the rigid sleeve does not match the contour of 
sification— a method for removing a cataract through a t cye . mcislon - M a consequence, there are fairly 
surgical incision in the eye. Examples of such devices substantial gaps between the ngid sleeve exterior sur- 
are set forth in the following patents: 20 face Ae eve incision. This is because the collagen 

fiber structure of the cornea resists deformity and thus 
does not readily assume the shape of the infusion sleeve. 

The experience of the applicant, who has performed 
literally thousands of cataract eye operations, has 
25 shown that it is impossible, from a practical standpoint, 
to fully eliminate the problem of leakage during cata- 
ract surgery by means of a smaller incision and forcing 
the rigid infusion sleeve through it While this may 
U.S. Pat No. 3,589,363 to Banko et al. and U.S. Pat decreafi e wound leakage, it does not eliminate the prob- 
No. 4,515,583 to Sorich disclose ultrasonic surgical 30 ^ ^ ifc causes to instrument to be so tightly held by 
instruments that utilize rigid outer sleeves-. tne ddbrmed incision that there is great difficulty in 

U.S. Pat No. 4,808,154 to Freeman discloses a phaco- advancing and withdrawing the instrument through the 
emulsification/irrigation and aspiration sleeve appara- incision. As will be apparent to those skilled in the art, 
tus. during cataract surgery the instrument must be ad- 

U.S. Pat No. 4,816,017 to Hood et al discloses an 35 vanced and withdrawn many times through the incision 
ultrasonic decoupling sleeve. as the fractured portions of the cataract are removed 

U.S. Pat No, 4,816,018 to Parisi discloses an ultra- from the various locations within the anterior and pos- 
sonic probe tip. terior chambers of the eye. 

Fluid-irrigated, ultrasonically-operated cutting de- Although there are means to prevent leakage, these 
vices typical of the prior art, however, suffer from a 40 means are very expensive to construct. They require 
number of deficiencies. In particular, most infusion precision tools with very precise configurations. The 
sleeves used during phacoemulsification are made of invention disclosed in U.S. Pat No. 5,084 009 to Mack- 
silicone or a silicone-type material. The use of this type ool, addresses the aforementioned problems- however 
of infusion sleeve can cause fluid leakage between the h also requires concentricity between the ririd infusion 
incision edge in the eye and the exterior surface of the 43 sleeve and the vibrating needle 
infusion sleeve resulting from a need to makethe inci- Accordingly, there exists a need for an improved 
sion in the eye larger than the infusion sleeve. This need apparatus for performing cataract surgery, 
is due to the compre^bmtyof silicone or hke materials It * accordingl y „ J }ect of ^ mv ^o n to ^ 
which cannot be safely used when inserted through an an improvedlpjaratus for performing cttJto JE^ 
incision m the eye where there is a minimal amount of 50 f * « K5tt ~* ^ a • JZT . . T^ 5 , 

clearance between the incision and the exterior of the " • * i * ^ * pf0Vlde SUCh 

silicone infusion sleeve. apparatus that is relatively inexpensive to construct 

When there is a minimal clearance between the exte- S™* 1 general and specific objects of the invention 
rior of the silicone infusion sleeve and the incision of the will ^ part be obvious and will m part appear heremaf- 
eye, the incision tends to compress the non-rigid sili- 55 ter * 

cone infusion sleeve against the vibrating tip which SUMMARY OF THE INVENTION 

results in relative rubbing movement between the sili- _ t 

cone sleeve and the vibrating tip. This relative move- . c foregoing objects are attained by the invention, 

ment generates undesirable heat as the needle is being which provides a surgical instrument for performing 
vibrated at its relative high frequencies. The generation 60 cataract surgery. The instrument includes an outer com- 
of this heat is extremely undesirable inasmuch as it can pressible infusion sleeve having a tapered, ported, distal 
result in thermal burns and shrinkage of the ocular tis- end, a vibrating needle, and a rigid sleeve surrounding 
sue surrounding the silicone infusion sleeve. The burn- the vibrating needle which prevents the outer com- 
ing and shrinkage of ocular tissue is a serious problem pressible sleeve from collapsing against the vibrating 
with sight-threatening implications. 65 needle. 

In an attempt to reduce the infusion fluid leakage and The invention will next be described in connection 
the deleterious effects that can be caused by undesirable with certain illustrated embodiments; however, it 
friction generated therefrom, some infusion sleeves should be clear to those skilled in the art that various 
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modifications, additions and subtractions can be made irrigation fluid, and is introduced at a proximal end of 
without departing from the spirit or scope of the claims. the device and exits through ports 20 located at the 

BRIEF DESCRIPTION OF THE DRAWINGS J? 6 " 5 * f*** OP^on ff a device of 

this general nature is described in U.S. Pat No. 

For a fuller understanding of the nature and objects 5 5,084,009 to Mackool, the teachings of which are incor- 

of the invention, reference should be made to the fol- porated by reference herein. 

lowing detailed description and the accompanying In conventional phacoemulsification devices utilizing 

drawings, in which: , „ a flexible infusion sleeve, the flexible infusion sleeve can 

FIG. 1 depicts a cross sectional view of a phacoemul- collapse around the vibrating needle, causing heat 

sification instrument modified in accordance with the 10 build-up due to friction between the sleeve and the 

mv J^°?A « j. * r i_ , ^ needle. The invention obviates this problem by utilizing 

FIG. 2 depicts an embodiment of a phacoemulstfca- inner sleeve 18. In particular, the rigid, hollow, sleeve 

uon instrument m accordance with the mvention; in- 18 prevents ^ hollow> co m p rcssi ^ c ' Mo ^ sleeve 

clua^gde^ from collapsing against the hollow, vibrating needle. 

the ^ to 15 Ha 2 Sts^embodiment of the invention in 

thevjbratmg needle at the tapered distal en* wnich thc outer dcformablc deeve 10 closd conforms 

• fi ?* depicts a second embodiment of a phacoemul- to the vibrating needle at the tapered distal end 12. The 
sification instrument in accordance with the invention; „ w fif v-^JL ^ ^^ll'ti , « - Jr 
including details of a rigid, hollow sleeve along with 

details of a vibrating needle containing protuberances; 20 £™J f.^* **** ^ of the ngid, 

FIG. 4 depicts a third embodiment of a phacoemulsi- Tj iri , ' o ... 4 . 4 , . 
fication instrument in accordance with the invention; J ™* 3 d ^ ° f mventl0 » In 

including details of a rigid, hollow sleeve along with ****** vibrating needle 16 has protuberances 24 at 
details of a tapered vibrating needle, wherein the inner selec, ? d P 0 ^ wound the periphery thereof. These 
and outer diameters of the vibrating needles are varied 25 P rotuoerances 24 limit distal migration of the rigid, 
along the length thereof; hollow sleeve 18. 

FIG. 5 depicts a fourth embodiment of a phacoemul- ^ lG ; 4 depots an embodiment of the invention 
sification instrument in accordance with the invention; w *|? re,n *f c vibrating needle 16 has an inward taper 
including details of a rigid, hollow sleeve along with ^ mcn d S™^i? proximal portion and a distal portion of 
details of a tapered vibrating needle, wherein the inner 30 ™ nc ; edIc - 1110 distal portion has a relatively large 
diameter of the vibrating needle remains constant and mner ammeter 11—11 and outer diameter Ol— Ol. The 
the outer diameter of the vibrating needle changes proximal portion has a smaller inner diameter and outer 
along the length thereof; diameter. As illustrated in FIG. 4, this difference in 

FIG. 6 depicts a fifth embodiment of a phacoemulsifi- diameter limits distal migration of the rigid, hollow 
cation instrument in accordance with the mvention; 35 deeve 18, since the outer diameter of the distal portion 
including details of a rigid, hollow sleeve, wherein the of ne ^dle is larger than the inner diameter of sleeve 
rigid hollow sleeve has a ported proximal expansion In the illustrated embodiment, the wall thickness of 

portion and a threaded extension; the needle is substantially constant 

FIG. 7 depicts a sixth embodiment of a phacoemulsi- 5 depicts an embodiment of the invention hav- 

fication instrument in accordance with the invention; 40 m S a tapered vibrating needle with a distal portion and 
including details of a rigid, hollow sleeve, wherein the a proximal portion. The outer diameter of the proximal 
rigid hollow sleeve has a ported proximal flange por- portion is smaller than the outer diameter of the distal 
tiom portion, while the inner diameter of the needle remains 

FIG. 8 depicts a seventh embodiment of a phacoe- constant along the length of the needle. Thus, the wall 
m unification instrument in accordance with the inven- 45 thickness of the proximal portion is reduced. This ge- 
tion; including details of a rigid, hollow sleeve, wherein ometry limits distal migration of sleeve 18,: since the 
the rigid hollow sleeve has a ported proximal flange outer diameter of the distal portion of the needle is 
portion coupled to the deformable sleeve; larger than the inner diameter of sleeve 18. 

FIG. 9 depicts an embodiment of a rigid hollow FIG. 6 depicts an embodiment of the invention 
sleeve in accordance with the invention for a phacoe- 50 wherein the rigid hollow sleeve 18 has a ported proxi- 
mulsification instrument. mal expansion portion 26 and a threaded extension 28 

DESCRIPTION OF TLF TTSTH ATPn * extemaU y and internally threaded. The 

DKC ^^^^^P^ TED beaded extension 28 screwably attaches to the needle 

EMBODIMENTS support 29 which axially oscillates the needle with the 

FIGS. 1-8 are cross-sectional views of a phacoemul* 55 threaded extension 28 preventing distal migration of the 
sification instrument including a hollow, compressible rigid, hollow sleeve 18. The ports 27 allow saline solu- 
infusion sleeve 10 having a tapered, ported, distal end tion to flow around the rigid, hollow sleeve 18. The 
portion 12 and a cylindrical portion 14. The instrument figure further shows that the hollow compressible infu- 
also includes a hollow vibrating needle 16, a rigid, hoi- sion sleeve 10 is screwably attached to external threads 
low sleeve 18 housing a sleeve body, and discharge 60 of the rigid, hollow sleeve threaded extension, 
ports 20. FIG. 7 depicts an embodiment of the invention 

FIG. 9 is a side view of a rigid, hollow sleeve 18 of a wherein the rigid hollow sleeve 18 has a ported proxi- 
phacoemulsification instrument including spacers 1. mal flange portion 30. The ported proximal expansion 

In accordance with known principles, of operation end portion 30 limits distal migration of the rigid hollow 
employed in phacoemulsification devices, the hollow 65 sleeve 18 by abutting against an internal shoulder 11 of 
needle 16 is caused to vibrate at ultrasonic frequencies, the hollow compressible infusion sleeve 10. Again, the 
causing disintegration of tissue proximate to the tip of ports 27 allow saline solution to flow around the. rigid, 
needle 16. A saline solution is utilized as a cooling and hollow sleeve 18 internal threads on the hollow com- 
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pressible infusion sleeve 10 mate with external threads 
needle support 29. 

FIG. 8 depicts an embodiment of the invention 
wherein the rigid hollow sleeve 18 has a ported proxi- 
mal range portion 30. The ported proximal flange por- 
tion 30 is received in an annular slot in the hollow com- 
pressible infusion sleeve 10 and prevents distal migra- 
tion of the rigid hollow sleeve 18. 

FIG. 9 depicts a side view of a rigid, hollow sleeve 18 
of a phacoemulsification instrument wherein the rigid, 
hollow sleeve 18 includes spacers 1 which can be lo- 
cated at each end of the sleeve or its spaced locations 
along the inner diameter thereof. The spacers 1 prevent 
large surface contact between the hoDow, vibrating 
needle 16 and the rigid, hollow sleeve 18, while still 
allowing the maximum amount of fluid to circulate 
between the rigid, hollow sleeve 18 and the hollow, 
vibrating needle 16. As will be obvious to one skilled in 
the art, there is still no need for absolute concentricity, 
and only a minimal amount of surface area of the rigid, 
hollow sleeve 18 will come into contact with the hol- 
low, vibrating needle 16. 

In the embodiment shown in FIGS. 1-8 the hollow, 
compressible infusion sleeve 10 may be constructed of 
licorie or-ether^ompressible materi als. The rigid, 
JHfrw tlfrvf IHtnjjfof* formed of afri qid plastic or 
^ other suitabte-m^terM^Further. discharge ports 20 are 


30 


40 


45 


angled for radial discharge of fluid thus avoiding the 
direction of fluid parallel to the needle 16, which would 
oppose the fractured cataract being drawn into the 
interior of the hollow vibrating needle 16. 

In the embodiment of the invention shown in FIG. 2, 
as well as in the other embodiments shown, it is note- 
worthy that the tapered, ported, distal end 12 of the 35 
silicone infusion sleeve 10 will not be compressed 
against the vibrating needle 16 since this portion of the 
instrument is never maintained within the incision dur- 
ing periods of vibration of the needle 16. 

It will thus be seen that the invention efficiently at- 
tains the objects set forth above, among those made 
apparent from the preceding description. In particular, 
the invention provides a relatively inexpensive, im- 
proved apparatus for performing cataract surgery. 
Those skilled in the art will appreciate that the configu- 
rations depicted in FIGS. 1-5 and in FIG. 7 eliminate 
the previous requirement of concentricity between the 
hollow, vibrating needle and the rigid, hollow sleeve 
that was dictated by prior designs. Those skilled in the 
art will also appreciate that the configurations depicted 50 
in FIGS. 6 and 8 further remove the problem of distal 
migration of the inner sleeve. 

It will be understood that changes may be made in the 
above construction and in the foregoing sequences of 
operation without departing from the scope of the in- 
vention. It is accordingly intended that all matter con- 
tained in the above description or shown in the accom- 
panying drawings be interpreted as illustrative rather 
than in a limiting sense. 

It is also to be understood that the following claims 60 
are intended to cover all of the generic and specific 
features of the invention as described herein, and all 
statements of the scope of the invention which, as a 
matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as 65 
new and secured by Letters Patent is: 

1. A surgical instrument for removing a cataract 
through an incision in a patient's eye, comprising: 


a hollow, compressible infusion sleeve; 
said hollow, compressible infusion sleeve having a 
tapered, ported, distal end portion and having an 
extreme end portion; 
5 said hollow, compressible infusion sleeve further 
including a cylindrical portion; 
said cylindrical portion intersecting with and 
extending away from said tapered, ported, 
distal end portion; 
10 a hollow, vibrating needle, having an inner needle 
diameter,, an outer needle diameter and a wall 
thickness, 

said hollow, vibrating, needle extending into a 
patient* s eye during the removal of a cataract; 
15 a needle support; 

said cylindrical portion and said tapered, ported, 
distal end portion surrounding said hollow, vibrat- 
ing needle with there being a space between the 
extreme end portion of said tapered, ported distal 
20 end portion and the hollow, vibrating needle; 

a rigid, hollow, sleeve surrounding a portion of said 
hollow, vibrating needle with said rigid, hollow, 
sleeve having a sleeve body, an outer sleeve diame- 
ter, and an inner sleeve diameter, 
25 said inner sleeve diameter being larger than said 
outer needle diameter, thereby defining a path of 
fluid between said hoUow vibrating needle and 
said rigid, hollow, sleeve; 
said rigid, hollow, sleeve being surrounded by said 
cylindrical portion whereby said rigid, hollow, 
sleeve prevents the hoUow, compressible infu- 
sion sleeve from collapsing against said hollow, 
vibrating needle; and an inhibitor for inhibiting 
the distal migration of said rigid, hollow, sleeve. 

2. A surgical instrument for removing a cataract 
through an incision in a patient's eye according to claim 
1, wherein said inhibiting means includes: 

a ported proximal flange portion intersecting and 

extending outward from said sleeve body, . 
a threaded extension, said threaded extension inter- 
secting with and extending away from said, ported 
proximal flange portion, 

said threaded extension being screwably engage- 
able with said hollow, vibrating needle, needle 
support 

3. A surgical instrument for removing a cataract 
through an incision in a patient's eye according to claim 
1, wherein 

said inhibiting means includes a ported proximal 
flange portion intersecting and extending outward 
from said sleeve body to limit migration of said 
rigid hollow sleeve towards said tapered ported 
distal end. 

4. A surgical instrument for removing cataracts 
$5 through an incision in a patient's eye according to claim 

3, wherein 

said hollow compressible infusion sleeve contains a 

slot for receiving said rigid hollow sleeve; and 
said rigid, hollow sleeve is coupled to said hollow 
compressible infusion sleeve. 

5. A surgical instrument for removing a cataract 
through an incision in a patient's eye according to claim 
1, wherein 

said rigid, hollow sleeve further comprises spacers 
attached to said sleeve body, said spacers extending 
inward towards a longitudinal axis of said rigid 
hollow sleeve. 


03/07/2002, EAST Version: 1.02.0008 


